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The  clusters  of  differentiation  (CD)  molecules  used  to  identify  lineages  of  cells  often 
have  important  functional  activities.  Furthermore,  the  numbers  of  CD  molecules 
expressed  per  cell  can  reflect  the  status  of  cell  lineages.  For  example,  B  cells  with 
abnormal  numbers  of  CD  19  per  cell  have  altered  capacities  to  produce  antibody 
responses.  Therefore,  the  quantitative  immunophenotype  (QuIP),  i.e.,  both  the 
numbers  of  cells  in  various  populations  and  the  numbers  of  CD  molecules 
expressed  per  cell,  can  provide  additional  information  about  the  functional 
capacity  of  the  immune  system.  In  order  to  examine  the  variations  in  QuIP 
among  individuals  and  within  individuals  over  time,  blood  samples  from  a  cohort 
of  Marines  were  tested  three  times  over  a  two  month  period  before  and  after 
various  phases  of  strenuous  advanced  field  training  exercises.  Samples  were 
examined  via  a  standard  hematology  analyzer  to  obtain  complete  blood  counts 
and  flow  cytometrically  with  a  panel  of  antibodies.  The  relative  numbers  of  CD 
molecules  per  cell  were  estimated  by  using  standard  beads  with  known  numbers  of 
fluorochrome  molecules  per  bead  or  with  known  antigen  binding  capacities  per 
bead.  Within  individuals,  the  relative  percentages  of  cell  lineages  and  the 
numbers  of  CD  molecules  expressed  per  cell  changed  very  little  over  two  months 
although  there  was  substantial  variation  among  individuals  at  each  time.  Thus, 
measuring  the  QuIP  can  provide  additional  and  potentially  valuable  information 
about  the  status  of  the  immune  system. 
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Introduction 


Intense  physical  exercise,  e.g.,  a  marathon  run,  is  known  to  cause  changes  in 
leukocytes  (e.g.,  Gabriel,  et  al,  1998).  The  effects  on  the  immune  system  of  more 
prolonged  strenuous  exercise,  as  typified  by  various  types  of  military  training 
programs,  have  been  less  well  characterized.  Therefore,  the  present  study  was 
undertaken  to  monitor  a  cohort  of  Marines  during  training  exercises  near  sea  level 
and  at  moderate  elevation  in  winter  climate  conditions.  These  Marines,  who  had 
been  in  the  military  for  a  year  or  more,  were  based  at  29  Palms  in  Southern 
California.  At  the  beginning  of  February,  2000,  they  were  transported  to  the 
Mountain  Warfare  Training  Center  (MWTC)  at  -7, 000ft  in  the  Eastern  Sierra 
Nevada  near  Bridgeport,  CA.  During  their  time  at  the  MWTC  (~3  weeks),  they 
participated  in  winter  training  exercises  mostly  at  elevations  of  ~ 10,000ft.  They 
were  then  returned  to  29  Palms  where  they  continued  normal  training,  e.g.,  daily 
runs,  etc.  For  this  study,  blood  samples  were  collected  upon  arrival  at  the  MWTC, 
at  the  completion  of  the  MWTC  training  and  then  -3-4  weeks  later  at  29  Palms. 
Although  several  other  types  of  tests  were  performed  on  these  blood  samples,  the 
only  data  to  be  reported  here  are  the  results  differential  cell  counts  and 
immunophenotyping  with  a  panel  of  monoclonal  antibodies.  The  results  show 
that  among  the  40+  individuals  that  were  examined,  there  was  substantial 
variation  in  the  absolute  or  relative  numbers  of  leukocyte  subpopulations  and  in 
the  quantitative  expression  of  CD  molecules  on  T  cells,  B  cells  and  monocytes.  On 
the  other  hand,  these  properties  changed  much  less  within  individuals  and  there 
was  no  overall  change  that  could  be  ascribed  to  the  effects  of  prolonged  strenuous 
exercise  at  7-10,000  ft. 
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Blood  samples  and  labeling  with  antibodies  --  Blood  samples  were  collected, 
after  informed  consent,  in  EDTA-anticoagulated  Vacutainer  tubes,  chilled  and 
transported  from  the  MWTC  or  from  29  Palms  to  Reno.  Aliquots  were  removed  for 
complete  blood  counts  (CBC)  at  the  Reno  Laboratory  Corporation  of  America 
clinical  lab. 


Lot  No. 

M040696 

M041533 

PE-anti-CD4 

301 55X 

RPA-T4 

M  IgGI  K 

M039902 

CyC-anti-CD8 

33298X 

HIT8a 

M  IgGI  K 

M040067 

30458X 

ICRF44(44) 

M  IgGI  K 

M044581 

30545X 

M5E2 

M  lgG2a  K 

M043400 

FITC-anti-CD15 

30574X 

HI98 

MlgMK 

M027053 

PE-anti-CD16 

30625X 

3G8 

M  IgGI  K 

M041541 

PE-anti-CD19 

30655X 

HIB19 

M  IgGI  K 

M043401 

FITC-anti-CD25 
(F/P  =  4.6) 

30794X 

M-A251 

M  IgGI  K 

M042772 

CyC-anti-CD45 

31258X 

HI30 

M  IgGI  K 

M048151 

CyC-anti-CD56 

31668X 

B159 

M  IgGI  K 

M040686 

FITC-Mo-IgM 
(k)  (TNP) 

33064X 

G1 55-228 

MlgMK 

M043586 

PE-Mo-lgG2a 

(TNP) 

33035X 

G1 55-1 78 

M  lgG2a  K 

M042623 

CyC-Mo-IgGI 

(k)(?) 

3381 8X 

MOPC-21 

M  IgGI  K 

M041503 

Table  1.  Monoclonal  antibodies  —  All  listed  antibodies  were  obtained  from 
PharMingen  and  the  same  lots  were  used  for  all  tests. 
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Monoclonal  antibodies,  as  listed  in  Table  1,  were  mixed  at  equal  volumes 
according  to  the  combinations  listed  in  Table  2  and  the  mixed  antibodies  were 
then  added  to  200pl  aliquots  of  blood. 


Antibody  Combinations 


Fluorescein 

(FITC) 

R-Phycoerythrin 

(PE) 

CyChrome 

(CyC) 

1. 

anti-CD3 

anti-CD14 

anti-CD45 

2. 

anti-CD3 

anti-CD4 

anti-CD8 

3. 

anti-CD25 

anti-CD4 

anti-CD8 

anti-CD3 

anti-CD16 

anti-CD56 

5. 

anti-CD2 

anti-CD4 

6. 

anti-CD3 

anti-CD  19 

anti-CD45 

7. 

anti-CD15 

anti-CD  14 

anti-CDIIb 

8. 

IgM 

lgG2a 

IgGI 

Table  2.  Antibody  Combinations  --  Cells  labeled  with  combination  #1  were 
tested  with  TruCount  Beads. 


After  incubation  in  the  cold,  FACSLyse  solution  was  added  to  lyse  erythrocytes  and 
fix  the  cells,  the  cells  were  washed  by  centrifugation  and  resuspended  in  FACS 
Buffer  with  1%  fetal  bovine  serum.  Labeled  cells  were  kept  chilled  and  light 
protected  until  flow  cytometric  examination  which  occurred  within  24-48  hr  of 
labeling.  All  samples  were  processed  and  examined  in  sets  according  to  the 
antibody  combinations  listed  in  Table  2. 
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Flow  cytometric  examinations  --  All  flow  cytometry  was  done  using  a  four- 
color  Coulter  XL/MCL  with  optical  filters  of  525nm  (FL1,  fluorescein),  575nm  (FL2, 
PE),  620nm  (FL3,  PE-Texas  Red  or  propidium  iodide)  and  675nm  (FL4,  PE-Cy5)  that 
was  operated  with  Coulter  System  II  acquisition  software.  Color  compensation  was 
set  using  cells  that  had  been  individually  labeled.  Data  files  of  20,000  events  were 
collected  and  stored  in  list  mode  using  the  MCL. 

» 

* 

Analyses  of  data  -  Data  files  were  analyzed  using  SuperCyt  Analyst  software 
(Sierra  Cytometry)  using  PhenoGates  to  define  multiple  populations  of  interest. 
Each  population  was  defined  using  upper  and  lower  boundaries  in  one  or  more 
parameters  as  needed.  In  the  present  experiments,  as  many  as  12  separate 
populations  were  defined  for  analysis.  The  analyses  of  these  populations, 
including  the  numbers  of  cells  and  the  mean  fluorescence  intensity  (MFI),  were 
done  in  batch  mode  with  results  saved  to  database  files.  Secondary  analyses  were 
performed  with  standard  spreadsheet  software  such  as  Microsoft  Excel.  MFI  values 
were  converted  to  molecules  of  equivalent  soluble  fluorochrome  (MESF)  using 
standard  beads  with  known  MESF  values  as  more  fully  described  in  the 
accompanying  presentation.  The  binding  of  fluorescein-labeled  antibodies  was 
converted  to  molecules  of  antibody  bound  using  the  fluorescein:protein  ratios 
provided  by  the  manufacturer.  Although  the  fluorochrome  substitution  of  the  PE 
and  PE-Cy5  labeled  antibodies  was  not  exactly  specified,  the  data  in  the 
accompanying  presentation  suggest  that  the  PE-labeled  antibodies  most  likely  had 
-IPEperIgG. 
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Results  and  Discussion 

This  project  was  designed  to  examine  the  effects  of  prolonged  strenuous  physical 
activity  on  the  immune  response.  Absolute  and  relative  cell  numbers  were 
determined  as  is  commonly  done  in  flow  cytometric  analyses.  In  addition,  since 
potentially  subtle  changes  in  cell  properties  were  of  interest,  the  quantitative 
expression  of  differentiation  molecules  was  also  measured. 

Absolute  and  differential  leukocyte  counts 

Total  Lymphocyte  counts  --  Among  the  subjects  in  the  study,  there  was 
substantial  variation  in  the  absolute  numbers  of  total  leukocytes,  leukocyte  subsets 
and  in  the  relative  numbers  of  cell  populations.  At  the  Pre-MWTC  test,  the  mean 
lymphocyte  count  was  1,908/pl  (range  931-3,590),  at  the  Post-MWTC  test,  the 
mean  lymphocyte  count  was  2,108/pl  (range  1,072-3,120)  and  at  the  Final  test  the 
mean  lymphocyte  count  was  2,007/pl  (range  982-5,264).  The  total  lymphocyte 
concentrations  in  the  Pre-MWTC  and  Final  samples  are  depicted  in  Figure  1  in 
which  individuals  are  shown  at  the  two  time  points.  There  is  a  slight  increase  with 
time  as  shown  in  the  mean  values  but  the  scatter  of  the  data  illustrate  that  total 
lymphocyte  counts  varied  among  individuals  and  within  individuals  over  the  7 
week  time  course  of  these  comparisons.  The  changes  in  the  numbers  of  circulating 
lymphocytes  were  not  unexpected  since  several  of  the  subjects  reported  upper 
respiratory  tract  infections  during  this  interval. 
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T otal  Lymphocytes 

6,500 
78  5,500 

H 

S'  4,500 
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f  2,500 
75 

if  1,500 
500 

500  1,500  2,500  3,500  4,500 

Pre-MWTC  Lymphocytes/pl 


Figure  1.  Total  lymphocyte  counts  —  Lymphocytes  were  identified  on  the 
basis  of  CD45  expression  and  light  scatter  properties  and  enumerated  using 

TruCount  beads. 

Composition  of  lymphocytes  -  The  relative  numbers  of  the  principal 
lymphocyte  subsets  are  depicted  in  Figure  2.  The  composition  of  lymphocytes 
among  these  subjects  varied  substantially  as  shown.  Within  individuals,  there  was 
also  variation  in  the  relative  percentages  of  T  cells  and  natural  killer  (NK)  cells 
over  the  time  that  was  examined.  On  the  other  hand,  the  relative  numbers  of  B 
cells,  although  widely  variable  among  subjects  from  ~5%-25%,  changed  very  little 
within  individuals. 
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Per  Cent  T  Cells 


Per  Cent  NK  (CD16+56+) 
Cells 


Per  Cent  B  Cells 


0%  5%  10%  15%  20%  25% 

Pre-MWTC%  B  Cells 


Figure  2.  Lymphocyte  Composition  —  The  relative  numbers  of  T  cells  (CD3+), 
natural  killer  cells  (NK,  CD316+56+)  and  B  cells  (CD19+)  are  expressed  as 
percentages  of  the  total  lymphocytes. 
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Composition  of  T  cells  --  Within  the  total  T  cell  population,  the  relative 
numbers  of  T  helper  (Th,  CD3+4+8-),  T  cytotoxic/suppressor  (Tc/s,  CD 3+4-8+)  and 
T  double  negative  (Tdn,  CD3+4-8-;  Lanier,  et  al.,  1986)  cells  remained  much  more 
consistent  within  individuals  as  shown  in  Figure  3. 


Per  Cent  CD4+  Cells 

80% 

f  70% 

8 

£  60% 

2  50% 

a 

E  40% 

30% 

30%  40%  50%  60%  70%  80% 

Pre-MWTC  %  7h  Cells 


60% 

55% 

50% 

45% 

40% 

35% 

{  30% 

2  25% 

20% 

15% 

10% 

10%  20%  30%  40%  50%  60% 

Pr»-M  WTC  %  Tc/s  Cells 


Per  Cent  CD3+4'8~  Cells 

30% 

£  25% 

I  20% 

°  15% 

I  10% 
i  5% 

0% 

0%  5%  10%  15%  20%  25%  30% 

Pre-MWTC  %  TDN  Cells 


« 


Per  Cent  CD8*  T  Cells 


at  v.aT:_--  iS&a.S  I./*:, 


Figure  3.  Composition  of  T  Cells  —  The  principal  T  cell  subsets  defined  with 
antibody  combination  2  in  Table  2  are  depicted  as  T  cell  percentages  in  the  initial 
and  final  tests.  The  number  of  T  cells  apparently  expressing  both  CD4  and  CD8 
was  negligible  and  is  not  shown. 
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Quantitative  Expression  of  Differentiation  Antigens 

The  number  of  CD  antigens  per  cell  is  expressed  as  the  MESF  of  the  PE  or 
CyChrome  labeled  antibodies  or  as  molecules  of  fluorescein-IgG  antibodies  bound 
per  cell.  The  PE  labeled  antibodies  most  likely  had  -1  PE  per  IgG  as  outlined  in  the 
accompanying  presentation.  The  substitution  ratios  of  the  CyChrome  labeled 
antibodies  cannot  be  estimated  readily. 

CD19  on  B  cells  --  The  CD19  molecule  occurs  on  B  cells  where  it  is  part  of  the 
antigen  receptor  complex  (Carter,  et  al,  1988).  Figure  4  depicts  the  expression  of 
CD19  on  B  cells  at  the  beginning  and  end  of  the  study  interval.  As  shown,  CD19 
varied  from  -17,000-27,000  MESF  of  PE-anti-CD19  among  the  individuals  tested. 
The  data  in  Figure  4  also  show  that  the  CD19  expressed  per  B  cell  was  relatively 
consistent  within  individuals.  In  data  not  shown,  there  was  no  apparent 
relationship  between  the  absolute  or  relative  number  of  B  cells  and  the  amount  of 
CD19  expressed  per  cell.  Studies  of  human  and  animal  B  cells  have  demonstrated 
that  relatively  small  changes  in  the  amount  of  CD19  expressed  per  cell  can  affect 
the  activation  threshold  of  the  cells  (Carter  &  Fearon,  1992).  For  example,  mice 
deficient  in  CD  19  expression  are  also  deficient  in  their  response  to  protein  antigens 
(Rickert,  etal,  1995;  Sato,  etal.,  1996).  Furthermore,  mice  that  over-express  CD19 
by  as  little  as  25%  become  hyper-responsive  with  elevated  levels  of  anti-DNA  and 
rheumatoid  auto-antibodies  (Sato,  et  al.,  1996).  Thus,  it  seems  likely  that  some  of 
the  normal  healthy  donors  have  levels  of  CD19  that  are  either  elevated  or 
depressed,  depending  upon  what  is  defined  as  the  "normal''  level  of  CD19 
expression. 
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CD19  on  B  Cells 


Pre-MWTC  MESF  PE-antl-CD19 


Figure  4.  Expression  of  CD19  on  B  Cells  —  The  number  of  CD19  molecules 
on  B  cells  is  expressed  as  the  MESF  of  PE-anti-CD19  bound  per  cell. 


CD14  on  Monocytes  -  The  CD14  molecule  on  monocytes  is  lipid  linked  (Haziot, 
et  al,  1988)  and  forms  part  of  the  LPS  receptor  (Goyert,  et  al,  1988).  In  patients 
with  septicemia,  it  has  been  shown  that  the  prognosis  is  poor  if  the  number  of 
CD14  monocytes  is  reduced  (lason,  et  al,  1999)  or  if  the  CD14  expression  on 
monocytes  is  low  Heinzelmann,  et  al,  1996).  It  has  been  reported  that  human 
monocytes  "normally"  express  -110,000  CD14  molecules  per  cell  (Antal-Szalmas,  et 
al,  1997)  which  would  be  consistent  with  cells  binding  -50,000-60,000  MESF  of  PE- 
anti-CD14  (assuming  -1  PE  per  IgG).  Unexpectedly,  it  was  found  that  the  amount 
of  CD14  expressed  on  the  monocytes  of  these  normal  subjects  varied  by 
approximately  an  order  of  magnitude.  However,  as  noted  with  CD19  expression, 
the  comparisons  in  Figure  5  showed  overall  consistency  of  CD14  expression  within 
these  normal  individuals. 
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CD14  on  Monocytes 


Figure  5.  Expression  of  CD14  on  Monocytes  —  The  number  of  CD14 
molecules  on  monocytes  is  expressed  as  the  MESF  of  PE-anti-CD14  bound  per  cell. 


Expression  of  CD3  on  T  Cells  -  The  amount  of  CD3  expressed  on  T  cells  varied 
among  individuals  and  within  individuals  on  the  Th,  Tc/s  or  Tdn  subsets  of  T  cells. 
As  previously  reported  by  Ginaldi,  et  al,  (1996),  the  CD4+  cells  expressed  higher 
amounts  of  CD3  than  did  CD8+  T  cells.  In  addition,  we  noted  that  the  Tdn  cells 
had  the  highest  expression  of  CD3.  These  data  from  the  Pre-MWTC  test  are 
summarized  in  Table  3  and  depicted  for  all  the  subjects  in  Figure  6.  The  individual 
data  shown  in  Figure  6  illustrate  that  the  levels  of  CD3  expression  on  CD4  and 
CD8  cells  were  directly  related  whereas  the  CD3  on  Tdn  cells  appeared  to  vary 
independently.  This  observation  would  be  consistent  with  Tdn  cells  comprising  a 
separate  differentiation  lineage. 
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Molecules  FITC-anti-CD3  Bound  to  T  Cell 

Subsets 


CD4 

CD8 

TDN 

Min  = 

26,358 

19,535 

22,361 

Max  = 

42,143 

31,305 

58,516 

Mean  = 

32,613 

25,608 

40,229 

StdDev  = 

5,913 

4,637 

10,252 

Table  3.  CD3  on  T  Cells  —  Data  from  the  Pre-MWTC  tests  were  used  to  calculate 
the  mean  number  of  FITC-anti-CD3  antibodies  bound  per  cell  in  each  of  the  three 
principal  T  cell  subsets. 


CD3  on  T  Cells 


z  65,000 

°  60,000 

S  55,000 

g  50,ooor 

%  „  45,000 
o  |  40,000 
Q  35,000 

|j  30,000 

*  25,000 

t  20,000 

15,000 

25,000  30,000  35,000  40,000  45,000 

Molecules  FITC-antl-CD3  on  CD4+  Cells 


Figure  6.  Expression  of  CD3  on  T  Cells  —  The  expression  of  CD3  on  CD8  or  on 


Tdn  cells  is  plotted  as  a  function  of  the  amount  of  CD3  on  the  CD4  cells  from  that 


individual. 
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Expression  of  CD4  and  CD8  --  Although  the  amount  of  CD4  on  T  helper  cells 
has  been  considered  relatively  invariant  and  has  been  used  as  an  internal 
biological  standard  (Hultin,  et  al.,  1998),  we  found  that  CD4  expression  varied 
among  individuals.  The  data  in  Figure  7  show  that  the  amount  of  CD4  expressed 
per  cell  did  not  appear  to  be  related  to  the  number  of  CD4  cells  or  to  the  amount  of 
CD8  expressed  on  cells  from  the  same  donor. 
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Although  not  invariant,  the  variation  in  CD4  expression  was  considerably  less 
than  that  of  CD8  in  the  same  donors.  When  the  same  donors  were  compared  over 
time,  both  molecules  also  varied  in  expression  as  shown  in  Figure  8. 


CD4  on  T  Cells 


CD8  on  T  Cells 


20,000  30,000  40,000  50,000  60,000  70,000  80,000  90,000 


Pre-MWTC  M  ESF  CyC-anti-CD8 


Figure  8.  Expression  of  CD4  or  CD8  —  The  MESF  of  PE-anti-CD4  or  of  CyC- 
anti-CD8  bound  per  cell  in  the  Pre-MWTC  and  final  tests  are  compared. 
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Expression  of  CD2  --  T  cells  could  be  further  subdivided  on  the  basis  of  CD2 
expression.  It  has  been  previously  demonstrated  that  CD2  expression  is 
substantially  elevated  during  T  cell  activation  (Redelman,  1987).  After  activation 
with  11-2  present  (Roth,  1994),  resting  "memory"  (CD45RA-CD45RO+)  T  cells 
express  higher  levels  of  CD2  than  do  CD45RA+  cells  (Prince,  et  al,  1992).  Figure  9 
depicts  the  relative  fluorescence  intensities  of  FITC-anti-CD2  on  CD4+  or  CD8+  cells 
from  two  donors.  In  these  typical  donors,  CD2  expression  was  bimodal  with 
varying  proportions  of  cells  in  the  high  and  low  peaks  corresponding  to  memory 
and  naive  cells,  respectively.  In  contrast  to  many  of  the  differentiation  antigens, 
there  was  little  variation  in  the  level  of  expression  of  CD2  within  these  two  peaks. 
However,  there  was  considerable  variation  in  the  proportions  of  CD4  or  CD8  cells 
having  the  two  levels  of  CD2. 

CD2  on  CD8+  T  Cells  CD2  on  CD4+  T  Cells 


*:  .U1UU: .  - 2h&B0K?D7?.LHD(D) 


Figure  9.  CD2  on  CD4  or  CD8  Cells  —  Relative  fluorescence  intensities  of  FITC- 
anti-CD2  labeling  of  CD4  or  CD8  cells  are  shown. 
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As  shown  in  Figure  10,  the  fraction  of  CD4+  or  CD8+  cells  with  the  higher  level  of 
CD2,  i.e.,  "memory"  cells,  varied  from  ~10%-80%.  This  wide  range  of  variation 
was  unexpected  in  these  young  subjects  since  higher  proportions  of  memory  cells 
are  characteristically  associated  with  more  aged  populations  (Ginaldi,  et  al,  2000). 
Within  individuals,  the  fraction  of  CD8+  memory  cells  was  typically  higher  than 
that  of  CD4  cells.  The  data  depicted  in  the  panels  of  Figure  10  also  illustrate  that 
the  relative  proportions  of  CD4+  or  CD8+  cells  with  the  two  levels  of  CD2 
expression  remained  relatively  constant  over  the  period  examined. 


Figure  10.  Proportions  of  Memory  T  Cells  —  The  percentages  of  CD4  or  of 

CD8  cells  with  high  expression  of  CD2  are  compared  among  the  three  tests. 


18 


Redelman,  et  al. 
Quantitative  Immunophenotypes 


The  amounts  of  CD4  or  CD8  on  naive  and  memory  cells  were  compared  as 
depicted  in  Figure  11.  Those  data  show  that  CD4  was  expressed  at  slightly  higher 
levels  on  the  subset  with  higher  CD2  whereas  CD8  was  comparably  expressed  on 
cells  with  either  level  of  CD2. 


Expression  of  CD4 


MESF  PE-a-CD4  on  CD4*2Lo 


Expression  of  CD8 
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Figure  11.  Expression  of  CD4  or  CD8  on  Naive  or  Memory  Cells  —  CD4 

was  expressed  at  slightly  higher  levels  on  memory  cells  (upper  panel)  whereas  CD8 
was  comparably  expressed  on  naive  and  memory  cells  (lower  panel). 
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Finally,  although  CD2  and  CD3  expression  were  not  examined  simultaneously,  it 
was  noted  that  the  level  of  CD  3  expression  on  CD4+  or  CD8+  cells  was  slightly 
lower  in  individuals  with  greater  fractions  of  cells  in  the  higher  CD2  distribution  as 


shown  in  Figure  12. 


Pre-MWTC  CD3  on  CD4+  Cells 


Molecules  FITC-antl-CD3  on  C  D4+  Cels 


Pre-MWTC  CD3  on  CD8+  Cells 


Moiecubs  FITC-antl-CD3  on  CD6*Cels 


Figure  12.  CD3  Expression  vs.  Per  Cent  Memory  Cells  —  Although  the 
correlations  are  low,  the  amount  of  CD3  expressed  on  CD4  or  CD8  cells  appeared 
to  be  lower  as  the  fraction  of  memory  cells  identified  with  high  CD2  expression 
increased. 


Thus,  in  summary,  CD3  was  variably  expressed  among  individuals  and  among 
subsets  of  T  cells  with  expression  lowest  on  CD8,  intermediate  on  CD4  and  highest 
on  Tdn  cells.  It  also  appeared  that  CD3  was  expressed  at  slightly  lower  levels  on 
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memory  cells  that  were  identified  as  having  higher  levels  of  CD2.  Although  the 
relationships  of  CD3  expression  on  T  cell  subsets  were  consistent,  CD3  expression 
did  vary  within  individuals  over  the  period  of  this  study.  CD4  and  CD8  were  also 
expressed  variably  among  individuals  but  were  more  consistently  expressed  over 
time.  CD8  expression  did  not  appear  related  to  CD2  expression  whereas  CD4 
expression  was  higher  on  memory  cells  with  higher  CD2.  Finally,  the  proportions 
of  CD4  and  CD8  cells  with  higher  levels  of  CD2,  i.e.,  memory  cells,  were  highly 
variable  among  individuals  but  remained  consistent  within  individuals. 

CD45  Expression  -  Labeling  with  anti-CD45  has  been  widely  used  to  distinguish 
leukocytes  from  irrelevant  materials  in  lysed  whole  blood  preparations  (e.g., 
Borowitz,  et  al,  1993).  However,  it  was  noted  in  the  present  experiments  that  the 
levels  of  CD45  expression  varied  more  than  expected.  The  data  depicted  in  Figure 
13  illustrate  that  CD45  expression  varied  substantially  on  lymphocytes  and 
monocytes  but  relatively  little  on  granulocytes. 
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Figure  13.  CD45  on  Leukocytes  —  CD45  expression  on  granulocytes  or  on 
monocytes  are  compared  with  CD45  expression  on  the  lymphocytes  from  the  same 
donor  in  the  Pre-MWTC  test. 
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Figure  14  illustrates  that  individuals  tended  to  be  consistent  in  having  high  or  low 
levels  of  CD45  expressed. 


CD45  on  Lymphocytes 


CD45  on  Monocytes 


Pre-MWTC  MESF  CyC-antf-CD45 


Figure  14.  CD45  on  Lymphocytes  and  Monocytes  —  The  expression  of  CD45 
on  lymphocytes  and  monocytes  in  the  Pre-MWTC  and  final  tests  are  compared. 
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CD  lib  expression  --  CD  lib  is  expressed  on  activated  granulocytes,  on 
monocytes,  on  most  NK  cells  and  on  CD8+  T  cells  with  suppressor  activity  (Gane,  et 
al.,  1992).  The  data  depicted  in  Figure  15  compare  the  amount  of  CDllb 
expressed  on  the  monocytes  examined  in  the  three  tests.  These  data  illustrate  that 
CDllb  on  monocytes  varied  among  individuals  over  approximately  a  two-fold 
range  and  to  a  slightly  lesser  extent  within  individuals  over  time. 


% 


CDllb  on  Monocytes 


Pre-MWTC  MESF  CyC-anti-CDIIb 


Figure  15.  CDllb  on  Monocytes  —  The  expression  of  CDllb  on  the  monocytes 
examined  from  the  Post-MWTC  and  the  Final  tests  are  compared  with  the  amount 
expressed  in  the  Pre-MWTC  test. 
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Figure  16.  CDllb  on  Lymphocytes  —  The  expression  of  CDllb  on 


lymphocytes  examined  in  the  Pre-MWTC  and  Final  tests  are  compared. 
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Figure  16  compares  the  CDllb  on  lymphocytes  examined  in  the  Pre-MWTC  and 
Final  tests.  CDllb  on  lymphocytes  also  varied  over  a  two-fold  range  of  expression 
but  was  more  consistent  within  individuals  over  time.  The  current  tests  did  not 
permit  one  to  distinguish  the  CDllb  on  CD8  suppressor  T  cells  from  that  on  NK 
cells.  Thus,  it  is  possible  that  CDllb  could  be  expressed  differently  on  those 
populations. 
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Summary  and  Conclusions 

Among  the  present  group  of  subjects,  three  weeks  of  strenuous  military  winter 
training  at  moderate  elevation  did  not  produce  detectable  overall  effects  on  the 
composition  or  measured  properties  of  T  cells,  B  cells  and  monocytes.  However,  it 
was  noted  that  these  healthy  and  fit  age  and  sex-matched  subjects  varied  widely  in 
the  absolute  and  relative  numbers  of  lymphocyte  subsets.  Furthermore,  there  was 
also  wide  variation  in  the  expression  of  differentiation  molecules  such  as  CD19 
and  CD14  and  in  the  relative  proportions  of  T  cells  with  a  memory  phenotype. 
Although  these  properties  varied  widely  among  the  subjects,  there  was  much  less 
variation  within  subjects  over  the  course  of  this  study.  Thus,  differing  levels  of 
expression  of  CD  molecules  may  comprise  relatively  stable  characteristics  of 
individuals. 
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